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Fig. 2. Internal details of Hamamatsu
R 1826 ultraviolet phototube.

ultra-low noise operation, the PMT
should be cooled.

Photoemissive Detector
Applications

Semiconductor photodetectors have
taken over in many applications where
photoemissive detectors were once used.
Nevertheless, phototubes and PMTs still
have important uses. The various spec-
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Fig. 3. Schematic diagram of a high-gain
phototube amplifier.

Say You Saw It In Modern Electronics

tral sensitivities that are available make
phototubes and PMTs especially useful
for detecting specific bands of light.

As an example of the above, ultra-sen-
sitive photodiodes are much more sensi-
tive to red light than to ultraviolet radia-
tion. This poses a difficult problem be-
cause interference filters designed to pass
UV wavelengths tend to also pass some
red light as well. This can be solved by us-
ing a phototube or PMT with a cesium-
telluride photocathode that responds to
only ultraviolet wavelengths.

PMTs are especially useful for detect-
ing very-low light levels. That’s why both
amateur and professional astronomers
use them to measure the light coming
from faint stars. PMTs are also used to
detect the flashes of light produced when
radiation passes through certain plastics
and crystals.

Experimenting With
Photoemissive Detectors

Shown in Fig. 3 is the schematic diagram
of a circuit I’ve used to enable the R1826
phototube described above to detect ul-
traviolet energy from the sky and sun.
The TLC271 CMOS op amp provides the
extremely high input impedance required
for this circuit to perform properly.
However, you can substitute any other
CMOS or FET-input op amp for the
TLC271, making any pin changes that
might be needed. Use a shielded cable be-
tween the phototube and op amp if the
distance between the two exceeds sev-
eral inches.

In the Fig. 3 circuit, R2 controls the
offset voltage in the circuit. The output
can go to a digital voltmeter or, perhaps,
acomparator that switches when the light
on the phototube exceeds or drops below
a preset threshold.

This circuit has plenty of gain. Its out-
put is at a level of about 1 volt or so when
the tube is exposed to blue sky on a clear
day. The tube should rot be exposed to
direct sunlight. Otherwise, its perform-
ance and sensitivity may suffer degrada-
tion. Instead, first place the tube behind a
UY filter, such as Schott UG-11 glass.

You can further reduce the intensity of

direct sunlight with a diffuser made from
quartz, silica or some material that is
transparent to ultraviolet wavelengths.
One or both surfaces of the diffuser should
be ground to a rough finish.

You will also want to consider a photo-
multiplier tube if your application calls
for detection of the light from a faint
star, a firefly or a crystal that flashes
when it is exposed to radioactivity. There
are many kinds of PMTs available, each
with a specific set of power-supply
requirements.

Shown in Fig. 4 is a generalized con-
nection diagram for a typical PMT. This
circuit shows the voltage divider that de-
livers progressively greater voltages to
the dynodes in the PMT. It is important
that you use good wiring practices and
properly insulated sockets when using
PMTs. Manufacturers of photomultipli-
er tubes can supply specific connection
and circuit information for their PMTs.

Semiconductor Photodetectors

The most common detectors of ultravio-
let, visible-light and infrared radiation
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Fig. 4. Generalized connection circuit for
a photomultiplier tube.
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Fig. 7. Schematic diagram of a light /dark
buzzer circuit.

ceptionally sensitive to light. However,
their response time is much slower than
that of junction semiconductor detec-
tors. Also, photoresistors are subject to
the “‘light history effect’’ in which the re-
sistance of the device is dependent for a
time upon the previous light level re-
ceived by the detector.

You can make a sensitive light meter by
connecting a photoresistor in series with a
battery and milliammeter, as shown in
Fig. 6. This circuit also shows how to in-
crease the sensitivity of such a meter by
adding a single op-amp gain stage. While
the 741 op amp shown in the Fig. 6 sche-
matic diagram will work, better-quality
op amps with less offset voltage will work
even better. A good choice is the OP-07
op amp.

Shown in Fig. 7 is the schematic dia-
gram of a simple circuit that doubles as
both a light and a dark detector. The cir-
cuit can be used to wake you when the sun
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Fig. 8. Spectral responses of several photodiode materials.

comes up or warn you when your refrig-
erator door is ajar.

If you would like to know more about
photoresistors, I refer you to my Septem-
ber 1988 ‘‘Electronics Notebook’’ col-
umn, in which I described these and sev-
eral other applications. I also discussed in
that column the operation of CdS and
CdSe photoresistors in some detail.
® Pn-Junction Detectors. Virtually any
semiconductor pn junction is sensitive to
visible or infrared radiation. Bell Labor-
atories found this out when they encapsu-
lated some of their early transistors in
transparent plastic. Even light-emitting
dicdes can be used as light detectors.

Many kinds of semiconductor photo-
defectors are in common use, and many
others have been developed by research
laboratories. Some of them have a very
small active surface area to make them
suitable for detecting very fast optical
pulses. Others are divided into two halves

or four quadrants for use in position-
sensing applications.

Position-sensitive detectors can also be
made from single detector elements.
These use what is called the ‘‘lateral ef-
fect’’ to detect the position of a light spot
on the surface of the detector.

The spectral sensitivities of various pn-
junction photodetectors are dependent
on the semiconductor material from
which they are manufactured. Figure 8
shows the spectral sensitivities of some of
the semiconductor materials used to
make junction photodetectors. Of course,
silicon is the most common photodetec-
tor material currently in use.

The peak spectral response of silicon
matches the peak emission wavelength of
several kinds of light-emitting diodes.
For applications in which infrared sensi-
tivity is not desired, filters can be placed
in front of a silicon detector, or a gallium-
phosphide (GaP) photodiode can be used
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Fig. 11. Schematic diagram for a self-
powered light meter.

erating selenium cell connected across a
microammeter. Another common use for
selenium cells was in light-activated relay
applications.

From the late 1950s to the mid-1960s,
International Rectifier sold its famous
B2M selenium ‘sun battery’’ for $2.50.
During those years, silicon solar cells cost
at least $20. Therefore, a B2M played a
major role in introducing many experi-
menters around the world, including
yours truly, to solar-powered projects.

Today, selenium solar cells have been
replaced almost entirely by silicon photo-
diodes. One of the few remaining manu-

facturers of selenium cells is EG&G Vac-
tec (10900 Page Blvd., St. Louis, MO
63132). Sometimes, selenium cells are
available on the surplus market.

e Silicon Solar Cells. Silicon solar cells
can convert into electricity up to 10 per-
cent or more of the light that strikes
them. The forward voltage of a silicon so-
lar cell is around 0.6 volt. Current output
varies linearly with light exposure. In full
sunlight, a 1-square-inch cell can deliver
as much as 100 milliamperes of current.
Large circular cells will deliver a full am-
pere or more.

While silicon solar cells are generally
considered to be ‘‘sun batteries,”’ they
also make highly effective light sensors.
Their main advantage as sensors is their
large active-surface area. This means that
they can detect very-low light levels with-
out the use of a light-collecting reflector
or lens.

Aside from recharging batteries on a
homemade xenon strobe light I take on
bicycle trips, my favorite applications for
solar cells are as detectors for lightwave
communication receivers and lightning
detection. Their large surface area gives
silicon solar cells too much capacitance
for them to detect fast-risetime pulses.

Shown in Fig. 11 is the schematic dia-
gram of a simple but effective light meter
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that you can make with a selenium cell or
asilicon solar cell and a microammineter.
Assilicon cell provides considerably more
sensitivity in this application, while a se-
lenium cell provides a spectral response
that resembles that of the human eye.

If the Fig. 11 meter is too sensitive, you
can place a light-limiting aperture over
the detector. Alternatively, you can in-
sert a current-limiting potentiometer be-
tween the detector element and meter
movement.

You can make a simple light-powered,
light-activated relay by connecting a se-
ries-array of selenium cells or silicon so-
lar cells to a low-voltage relay. You'll
have to experiment to determine how
many cells of either type are needed to en-
ergize the relay. For example, a 5-volt dc
relay will require approximately 10 sili-
con solar cells. The cells must be able to
deliver sufficient current to actuate the
relay, of course.

Small-area silicon photodiodes are
ideal for use as detectors in lightwave
communication systems. Figure 12 shows
abasic circuit you can use toreceive anin-
tensity- or pulse-modulated visible or
near-infrared signal. Note that C1 is in-
cluded in the circuit so that only the fluc-
tuating (ac) signal and not the steady (dc)
background is not amplified.

You can greatly increase the receiving
range of the Fig. 12 circuit by placing the
detector behind a lens. The circuit will
work much better in daylight if you use a
filter that passes only the wavelength of
the signal. Interference filters work best,
but they’re expensive. A cheap substitute
for near-infrared wavelengths is devel-
oped color film. Photodiodes encapsu-
lated in infrared-transmitting plastic are
another good choice.

Photodiodes are well-suited for use in
sensitive light meters, gnd radiometers.
The schematic diagram shown in Fig. 13
is for the circuit of a radiometer that will
detect very-low light levels. Virtually any
photodiode can be used in this circuit, in-
cluding a solar cell. Many different oper-
ational amplifiers can be used, too. For

best results, though, be sure to use an op
= amp that has a high input impedance,
Fig. 12. Schematic diagram of a photoreceiver for audio-frequency signals. such as the OP-07. CMOS op amps might
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Fig. 15. Schematic diagram of a phototransistor receiver circuit for audio signals.

14(A), for example, a simple light-acti-
vated relay is made up of only four com-
ponents. The sensitivity of the circuit is
controlled by RI. Figure 14(B) shows
how the position of the phototransistor
and R/ in Fig. 14(A) can be reversed to
make up a dark-activated relay.

Any npn phototransistor should work
well in either Fig. 14 circuit. If either cir-
cuit triggers erratically or prematurely,
the phototransistor is probably receiving
ambient light. In this event, either re-
move the external light source or place a
piece of black heat-shrinkable tubing
over the phototransistor to form a
collimator.

Shown in Fig. 15 is the schematic dia-
gram of a simple phototransistor receiver
circuit you can assemble and use to detect
a modulated light beam. This circuit is
well-suited for use with many different
kinds of audio-frequency lightwave-com-
munication systems.

When experimenting with these and
other phototransistor circuits, you may
notice that the phototransistor is more
sensitive to the signal it is supposed to de-
tect when the phototransistor receives a
small amount of ambient illumination. I

Say You Saw It In Modern Electronics

.

noticed this many years ago when I was
testing a portable lightwave receiver set
up 1,000 feet away from a transmitter.
While checking the receiver with a small
penlight, the volume of the signal emit-
ted from the receiver’s speaker suddenly
increased in amplitude. Depending on
where I pointed the penlight, it was possi-
ble to increase the output signal by several
times.

You might want to experiment with this
technique of increasing the sensitivity of
phototransistors that don’t have a base
lead. You can alter the gain of phototran-
sistors with a base lead by using tradition-
al biasing techniques.

Going Further

Even though I've devoted two columns
to discussing the devices and techniques
for detecting ultraviolet, visible-light and
infrared radiation, there’s much that I
haven’t touched upon. If you want to find
out more about the general subject of
light detectors, visit a good technical li-
brary. Many books on optoelectronics in-
clude detailed chapters on various kinds
of detectors.

If you want more information about

circuits for various kinds of light detec-
tors, there’s no better source than the
brochures and data sheets published by
the manufacturers of the detectors. Par-
ticularly good brochures are published by
EG&G (25 Congress St., Salem, MA
01970); United Detector Technology
(12525 Chadron Ave., Hawthorne, CA
90250); Centronic, Inc. (1829-B DeHavil-
land Dr., Newbury Park, CA 91320-
1702); Silicon Detector Corp. (855 Law-
rence Dr., Newbury Park, CA 91320);
and both Hamamatsu and EG&G Vactec
(addresses given earlier).

Finally, I included an elementary in-
troduction to light detectors in my En-
gineer’s Mini-Notebook: Optoelectron-
ics (Radio Shack, 1986). I've also in-
cluded considerable information about
detecting light in The Forrest Mims Cir-
cuit Scrapbook (McGraw-Hill, 1983) and
Forrest Mims’ Circuit Scrapbook 11

(Howard W. Sams, 1987). ME
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